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Sir: 



DECLARATION OF ANCA FAUR-GHENCIU. NATHAN E. TRUSTY, 
MARK R. FEAVIOUR. JESSICA G. REINKINGH. PHILLIP SHADY, AND 
PAUL J, ANDERSEN UNDER 37 CF.R. 1.131 

Anca Faur-Ghenciu, Nathan E. Trusty, Mark R. Feaviour, Jessica G. Reinkingh, Phillip 
Shady, and Paul J. Andersen, the applicants in the above-identified patent application, declare as 
follows: 

L We are the inventors of claims 1-61 of the above-identified patent application and 
inventors of the subject matter described and claimed therein. 

2. Prior to March 28, 2002, we reduced the present invention to practice as 
evidenced by Exhibits A-C attached hereto. 

3. Exhibit A is a copy of a Record of Invention prepared with respect to the present 
invention. The Record of Invention includes a brief description of the invention, testing 
conditions, various catalyst formulations, results and conclusions, and references to supporting 

data. 
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4. Exhibit B is a copy of pages 17-30 of Laboratory Notebook No. 1 875. These 
pages show the preparation of several catalysts of the present invention as well as comparison 
examples. Pages 23, 25, and 29 are referred to on page 4 of the Record of Invention. 

5. Exhibit C is a copy of an email from Peter Gray of Johnson Matthey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with an 
attachment forwarding the Record of Invention for the present invention, 

6. Each of the dates deleted from Exhibits A-C is prior to March 28, 2002^ All work 
relating to the conception and reduction to practice of this invention was carried out in a WTO 
country. 

The declarants further state that the above statements were made with the knowledge that 
willful false statements and the like are punishable by fine and/or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of this application or any patent resulting therefrom. 



Date: See attached sheet 



Anca Faur-Ghenciu 
Date: See attached sheet 



Nathan E. Trusty 

Date: See attached sheet 



Mark. R. Feaviour 

Date: See attached sheet 



Jessica G. Reinkingh 
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4. Exhibit Bisa copy of pages 17-30 of Laboratory Notebook No. 1875. These 
pages show the preparation of several catalysts of the present invention as well as comparison 
examples. Pages 23, 25, and 29 are referred to on page 4 of the Record of Invention. 

5. Exhibit C is a copy of an email from Peter Gray of Johnson Matthey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with, an 
attachment forwarding the Record of Invention for the present invention 

6. Each of the dales deleted from Exhibits A-C is prior to March 28, 2002. All work 
relating to the conception and reduction to practice of this invention was earned out in a WTO 
country. 

The declarants further state that the above statements were made with the knowledge that 
willful felse statements and the like are punishable by fine andVor imprisonment, or both, under 
Section 1001 of Tide 18 of the United States Code, and that such willful felse statements may 
jeopardize the validity of this application or any patent resulting therefrom. 
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4. Exhibit B is a copy of pages 1 7-30 of Laboratory Notebook No. 1 875. These 
pages show the preparation of several catalysts of the present Invention as well as comparison 
examples. Pages 23 p 25, and 29 are referred to on page 4 of the Record of Invention. 

5. Exhibit C is a copy of an email from Peter Gray of Johnson Matthey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with an 
attachment forwarding the Record of Invention for the present invontion. 

6. Bach Of the datea deleted from Exhibits AC Is prior to March 28, 2002. All wurk 
relating to the conception and reduction to practice of this invention was carried out In a WTO 
country. 

The declarants farther state that the above statements were made with the knowledgo that 
willftjl false statements and the like are punishable by fine and/or imprisonment, or both, under 
Section 1001 of Title 1 8 of the United States Code, and thai such wlllM false statements may 
Jeopardize the validity of this application or any patent resulting therefrom. 
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4. Exhibit Bua copy of pages 1 7-30 of Laboratory Notebook No. 1 875 . These 
pages show ke preparation of several catalysts of the present invention as well as comparison 
examples. Piiges 23, 25, and 29 ate referred to on page 4 of the Record of Invention. 

5. Exhibit C is a copy of an email from Peter Gray of Johnson Matthey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with an 
attachment f mvarding the Record of Invention for the present invention. 

6. Each of the dates deleted from Exhibits A-C is prior to March 28, 2002. All work 
relating to tfa ? conception and reduction to practice of this invention was carried out in a WTO 
country. 

The declarants further state ilia* the above statements were made with the knowledge that 
willful false statements and the like are punishable by fine and/or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful fills e statements may 
jeopardize tt e validity of this application or any patent resulting therefrom. 
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4. Exhibit B is a copy of pages 17-30 of Laboratory Notebook No. 1875. These 
pages show the preparation of several catalysts of the present invention as well as comparison 
examples. Pages 23, 25, and 29 are referred to on page 4 of the Record of Invention. 

5. Exhibit C is a copy of an email from Peter Gray of Johnson Mattbey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with an 
attachment forwarding the Record of Invention for the present invention. 

6. Each of the dates deleted from Exhibits A-C is prior to March 28, 2002. All work 
relating to the conception and reduction to practice of this invention was carried out in a WTO 
country. 

The declarants further state that the above statements were made with the knowledge that 
willful false statements and the like are punishable by fine and/or imprisonment, or both, under 
Section 1001 of Title 1 8 of the United States Code, and that such willful false statements may 
jeopardize the validity of this application or any patent resulting therefrom. 
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RECORD OF INVENTION 



Title of Invention: High Activity Water Gas Shift Catalysts Based on 
Metals - Ceria-containing Oxides 



Record Written by: Anca Ghenciu 



Date Record Written: 



Brief Description of Invention: 

In the catalyzed water gas shift (WGS) reaction, the high activity WGS catalyst systems 
consisting of 1-4% platinum, or palladium, or platinum-palladium, or platinum-indium, dispersed 
on or in the lattice of ceria-zirconia or ceria-lanthana mixed oxides with various ratios ceria- 
zirconia or ceria-lanthana, respectively, said catalysts including a 0.1%-1% promoter comprising 
of one or more alkali or alkaline-earth metals selected from the group of cesium, lithium, 
rubidium, potassium, or magnesium, strontium, barium, said catalyst including support dopants 
such as lanthanum, praseodymium, neodymium. all said catalysts tested in the presence of 
carbon monoxide, water, carbon dioxide and hydrogen, with best catalytic performance between 
200M00°C, preferably 250°-375°C. The invention also relates to the use of said catalysts as 
coated on monolithic supports for the WGS reaction. 

Catalyst testing: fixed bed reactor, 1 g catalyst and 1 g cordierite 45-60 mesh, under the 
following reaction conditions: 8%CO, 30%H2O, 10%CO2, 32.5%H2, 1%CH4, balance N2, in a 
fixed bed reaction system, at 67,500 cc/g cat /hr weight hourly space velocity, between -150° 
and -*600°C. Test results in each case (Examples) to be written. 

Results and conclusions: 

1. The ceria-zirconia mixed oxides show improved catalytic performance over ceria-lanthana, 
also over ceria- or zirconia-only. The ceria-zirconia catalysts of this invention show a decrease 
in the onset temperature of the WGS reaction (light-off temperature). Possible reasons for the 
improved catalytic activity conferred by ceria-zirconia mixed oxides: 

- High thermal stability therefore improved durability/long-term stability conferred by the 
mixed oxide phase. 

Improved water adsorption properties compared to ceria-only supports (here citation of 
previously known 1%Pt/Ce02 catalyst), yet while keeping the oxygen mobility as 
conferred by ceria. 

- Higher metal dispersion on ceria-zirconia mixed oxides than on ceria when the same 
method of metal deposition is used. 

- Optimum ceria: zirconia ratio for the oxides studied ~ 20:80. Advantage of high Zr:Ce 
ratio perhaps due to improved water adsorption properties, that may also reflect in a 
better durability. A ceria content is necessary, since Pt/zirconia has poorer 
performance. 

2. All platinum-ceria-zirconia mixed oxides of this invention show better activity than palladium, 
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platinum-palladium, or platinum-indium catalysts in combination with the same oxides and 
prepared in the same manner. Platinum formulations offer advantage over palladium 
formulations based on the temperature difference between the onset of WGS and the onset of 
methanation; the no-methanation window for WGS reaction is wider In the case of Pt catalysts 
than for Pd formulations. 

3. For the unpromoted formulations, methane formation is seen to a small extent at 
temperatures higher than 350°C under the testing conditions. The alkali and alkaline-earth 
promoters reduce the extent of methanation (conversion to methane formation) and/or shift the 
onset of methanation to higher temperatures, 

4. Role of alkali and alkaline-earth promoters 

- Improve the water adsorption/chemisorption properties of the oxidic support (also known 
from the technical literature as promoters for several partial oxidations and epoxidations). A 
more pronounced increase in the catalytic activity is seen in the case of Ce-rich mixed 
oxides than in the case of Zr-rich or La- rich ceria-containing mixed oxides. 

- Reduce the extent of methanation. The temperature corresponding to the onset of 
methanation is higher in the case of Li than in the case of Cs (see "3" above). 

- An improvement consisting of more than 50°C decrease in the temperature corresponding to 
the maximum catalytic activity is obtained with Cs- or Li/2%Pt/Ce02-ZrO2 (58:42 wt%) 
compared to the unpromoted formulation, 2%Pt/Ce02-ZrO2 (58:42 wt) or the known to the art 
Pt/Ce02. 

5. Pt/Zr-rich ceria-zirconia formulations, even when unpromoted with alkali, show the same high 
activity as the alkali-promoted Pt/stoichiometric oxide, possibly due to improved water 
chemisorption with the increase in Zr content. The difference between the two may consist in long- 
term performance and durability. 

6. Rote of chosen dopants 

- La, Pr, Nd improve the thermal stability of the support. Some reduction in activity seen in 
some cases. 



Perhaps to also cover (or publication): 

Impact of catalyst preparation method and material properties on catalyst performance, role of 
the metal-oxide interface in the catalytic activity; Pt-OCeOx-ZrOx, continuum phase. 



Novelty of the Invention: 

Under the reaction conditions chosen for testing: 1. Very high activity catalysts comprised of Pt, 
Pt-Pd, Pt-lr/ceria-zirconia mixed oxides with different Ce02:Zr02 ratios for medium temperature 
range WGS reaction, 200-400°C. preferably 300°-375°C 2. 1-4%Pt supported on ceria-zirconia 
mixed oxides show higher WGS activity than the similarly prepared Pt catalysts supported on 
either ceria-only or on zirconia-only, for the same Pt content. 3. For Pt/ceria-zirconia catalysts, a 
Zr-rich formulation (i.e., Ce02-ZiO2 20:80, wt%) shows higher WGS activity than the 
stoichiometric oxide (Ce02:ZrO2 58:42, wt%) and also than a Ce-rich oxide (i.e., Ce02:Zr02 
70:30, wi%), but also than the Zronly formulations. 4, Cesium and Lithium promotion of the 
Pt/ceria-zirconia catalysts leads to further improvement in the WGS activity, at temperatures lower 
than in the case of the unpromoted catalysts. Over 50°C decrease in the temperature j 
corresponding to the maximum catalytic activity is obtained with Cs- or Li/2%Pt/Ce02-Zr02 (58:42 
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wt%) compared to the unpromoted formulation, 2%Pt/Ce02-Zr02 (58:42 wt) or the known to the 
art PVCe02. 5. The effect of promoters in the increase in activity is more pronounced in the case 
of Ce-rich formulations than for the Zr-rich formulation. 8. The ceria-zirconia ratio is estimated to 
play a role in durability. 7. For all Ce02-Zr02 formulations studied, the alkaline metal promotion 
contributes to the reduction in methane formation. 8. Promotion with Li shifts the onset of 
methanation to slightly higher temperatures than the promotion with Cs. 



Benefit of Invention: 

1 . Catalyst formulations with very high catalytic activity for WGS reaction at medium temperature 
(300°-375°C), for the production of hydrogen. High catalytic activity with no methane formation 
below 350°C and minimum methane formation at temperatures higher than 350°C, in the 
presence of Wceria-ziroonia or Pt/ceria-lanthana mixed oxides, and thier alkali- or alkaline-earth 
promoted formulations. 2. Improved catalytic activity with Cs- and Li-promoted Pt dispersed on/in 
Ce02-Zr02 mixed oxides, at lower temperatures and with higher activity and selectivity than for Pt 
dispersed on Ce02 or Zn02 only. 3. Improved catalytic activity for WGS with high Zr/Ce ratios. 4. 
Reduction in the methanation activity obtained in the presence of alkali-promoted formulations. 5. 
Thermally stable catalytic materials based on the high thermal stability of the Ce-Zr mixed oxides. 
6. Possible improved thermal durabPity through the use of support dopants: Nd. Pr, La. 



References to Supporting Work (e.g. Lab Notebook Number): 



1757-86-243 
1 757-1 13-243C 
1757-93-253 



1 %Pd/[90(CeO2-ZrO2 20:80)-10(AI2O3)] 
1 %Pd/[90(CeO2-ZrO2 20:80)-10(AI2O3)] 
1 %Pd/[80(La2O3-CeO2 60:20)-20(AI2O3)] 



1757-131-1 1%Pd/75%La203-25%Ce02 

1757-131A2 (1 %Pd-0.5%Pt)f75%La2O3-25%CeO2 

1 757-1 33-4 (1 %Pt-0.5%Cs)/75%La2O3-25%CeO2 

1 757-1 39-2 1 %PV75%La203-25%Ce02 

1757-136-1 1 %Pd/25%La2O3-75%Ce02 

1 757-137-2 (1 %Pd-05%Pt)/ 25%La203-75%Ce02 

1757-141-1 (1 %Pt-0.5%Cs)/ 25%La203-75%CeO2 

1757-140-1 1 %Pt/ 25%La203-75%Ce02 

1757-143-14 (1%Pt-0.5%Cs)/CeO2 

1 757-1 61 A 0.2%Cs/2%Pt/C©O2 - 

1875-009 0.2%CsHPA/2%Pt/CeO2 

1757-164B 0.2%lr/2%Pt/CeO2 - . 
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| 1757-159B 2%Pl/LaOx-Ce02- 

187S-010 0.2%CsHPA/2%Pt/LaOx-CeO2 

1 757-1 60B 0.2%Cs/2%Pt/La-CeO2 -. 

1 757-1 61 B 2%Pt/Ce02-Zr02 (58:42 wt) - 

1 757-168A 2%Pt/Ce02-Zr02 (1 9.6 : 80.4 wt) - 

1 757-1 86 0.2%Cs/2%Pt/CeO2-ZrO2 (19 6 : 80.4 Wt) - 

1757-163B 0.2%Cs/2%Ptf Ce02-Zr02 (58:42 wt) - 

1757-166B (2%Pt-0.2%Cs)/CeO2-ZrO2 (58:42 wt) (c) - 

1757-167B 0.2%C8/2%Pt/ Ce02-Zr02 (58:42 wt) (cc) - 

1757-168B 2% WCe02-Zr02 (70.5 : 29.5 wt) - 

1757-167A 2%Pt/0eO2-ZrO2-La2O3 (54.4 : 40.6 : 3.8 wt) - 

1757-1 73A repeat of 1 757-166B - 

1 757-1 73B (2%Pt-0.2%Cs)/CeO2-ZrO2 (58:42 wt) - 

1 757-166A 2%Pt/ Ce02-ZrO2 (58:42 wt) (c) - to be compared with 1 757-1 61 B 

1757-177 2%Pt/0.2%Cs/CeO2-ZrO2 (58:42 Wt) - 

1 757-1 75 2%Pt/0.2%Cs/CeO2-ZrO2 (58:42 wt) (c) - 

1757-179 same as 1757-163B - 

1757-181A 2%Pt/Ce02-Zr02-La203-Nd203 (20 : 73.5 : 1.5 : 5 wt) - 

1 757-1 81 B 2%Pt/Ce02-Zr02-La2O3-Nd2O3 (20 : 73.5 : 1 .5 : 5 wt) (c) - 

1 757-1 88B 2%Pt/(c) Ce02-Zr02 (58:42 wt) - 

1 757-1 88A 2%Pt/Ce02-FeOx - . 

1 757-1 89A 2%Pt/Ce02-Zr02 (58 : 42 wt) (tp) - 

1757-189B 2%Pt/Ce02-Zr02 (19.6 : 80.4 wt) (tp) - - 

1 757-1 93B repeat of 1 757-1 88B - 

1875-023 xPt/CeOx-ZrOx - 

1875-025 Zr02- - Pt-CeOx 

1 875-029 2%Pt-Zr02 - Ce02 (42:58) - 



1 757-207A 2%Pt/Zr02 - Juiy 01 , 2001 

1 757-207B 0.2%Cs/2%Pt/(c) Ce02-Zr02 (58:42 wt) 
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1944-005 


" 1 

0.1%Cs/2%Pt/CeO2-ZrO2 (58 : 42 wt) 


1944-007 


0.5%Cs/2%Pt/CeO2-ZrO2 (58 : 42 wt) 


1944-009 


1%Cs/2%Pt/Ce02-Zr02 (58 : 42 wt) 


1944-013 


1%Li/2%Pt/Ce02-Zr02 (58 : 42 wt) 


1944-015 


0.5%Li/2%Pt/CeO2-ZrO2 (58 : 42 wt) 


1944-065 


1%Pt/2%Li/Ce02-Zr02 (58 : 42 wt) 


1944-067 


0.2%Li/2%Pt/Ce02-ZrO2 (58 : 42 wt) 


1944-069 


5%Li/1%Pt/Ce02-Zr02 (58 : 42 wt) 


1944-073 


1%Li/1%Pt/Ce02-Zr02 (58 : 42 wt) 


1944-075 


2%Li/1%R/Ce02-Zr02 (58 : 42 wt) 


1944-051 


0.2%Ba/2%Pt/CeO2-ZrO2 (58:42 wt) - 


1944-053 


0.2%K/2%Pt/CeO2-ZrO2 (58:42 Wt) - 


1944-055 


0.2%Sr/2%Pt/CeO2-ZrO2 (58:42 wt) - 


1944-049 


0.2%Y/2%Pt/CeO2-ZrO2 (58 : 42 wt) - 


Contributors to the Invention: A. Ghenciu, N. Trusty, M. Feaviour, J Reinkingh, P. Shady. P. 


Anderson 




If Invention has been discussed with or disclosed to external third parties, give details: 


Discussed with GM _J 



Witness Statement: 

"On the date beside my signature, I read and understood the above invention 
Name: 



Signature: 
Date; 
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/ PROJECT NO. 17 

flTlE W~,fc|> BOOKNO. EXHIBIT "B" ! 



F51e Name: 1875JM7 (l.6%Pt-Cc02 TPC copp NaOH) 

Calystprep: N. Trusty/ A. Chenciu 

WGSCa.»ly«: Prepare l.6y«Pi-C«02 by coprecipitation. using TPC and Ce(lll) nitra 
Objective weight 

TWRTALS Te^ino-P,*^ 

MATERIALS o sol d « u345 g/inl) n --- T ---;-; 42.95 g (-25.3 ml) 

(shows actual ce(N03)3 stock solution, JM. 195 g Cert, d-1 .7 g/inl 9.1 s 

weigWSUS ed> ^P^ 0 ^ U7 " 



1 



if 



20 



» Calculated tor 12.5 g U%Pt/Ce02 final material, containing: 

Calqriftgflp*: •£ n 3 g Ce 02 and 0.2 g Pi 

■ia'>, v ^...#. , TPC solution needed for 0.2 g Pt 

0 2* 1000 / 105-40 " 1.8975 g TPC solution 
7 Ce (111) nitrate solution needed for 12.3 C*» ht *. final material: 
moles Ce02 - 12.3 / 172.12 = 0.071462 *moles Co 

3 * 0.071462 - 0.2144 moles NaOH for Ce 

-> * m *> i \ 95 091 - 0.00205 moles NaOH for Pt 

TO.S MLtUH - 0.21644 moles; with 5% exc^s, 0.22726 moles NaOH 
"NaOH needed: 0.22726 ♦ 40-9-1 g 

Erlenmeyer flask. The weighed amount of NaOH was aissotvco id 
and transferred to the reactor. 




£££S?p?L Cc solution during ca. 1 hr, -f^SSSSS £2 £SS to ligVyeUow - white. The final pH 

flf tBse was not measured. 

fi^n, the meter*, was placed ^^S^^^^'^*^ S^d mJotr For 
DBSoial iws calcined the second day In static air at 500-c lor z nr. 1 ne ; 
: ; ^Siting, »be powder was pressed to 15 ions and sieve* to 45-60 mesh. Q 

Work continued to Page 
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ilfo & • ■ • After ove mi£ht, 6 J 2 g material was recovered ). No weight loss was recorded after 

i^J^f: '* calcination. 
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file Name 187^019 (2%Pt-Ce01-ZrO2 58-42 copp NaOH) 
Tested as ir>S^ 

Caialvs? prep; A Ghenciu." N- Trusry 

WGS CM** Prepare 2%P,Ce02-Zr02 (Ce02:Zr02 - 58:<2, *H) by copr,ci P U,rion, using nur*e 
Objective precursors; % metal is by weight 

MATFMALS ^niaat, solution, JM.2J3.42 f Plfl sol 149 33 g P^g.ol, d = K5631 |M ^ 

MATERIALS Cc(N03)3 sU)Ck solution, JM 4 395 *Ce/U d-l.* g/ml ; 44 ^30.7 ml) 

(shows actual ZrO(N03)2 stock solution, JM. 203 gr'l, d \A3j tfml »■■•• ■ " " 15 0 g 

weights' used) NaOH pelleis •; • ^7;*'"'^'"^^!^ 7."..."..... -1000 ml 

Delonized (Dl) water (not including the water for washing the precipitate) 

^ - » ^ - Calculated for 20 B 2%Pt~Ce02 final material, containing: 
G^Icuiatrolk, 5 j 9 6 g Ce0 2-Zr02 and 0.4 g Pt 

' . . I Ft nilrata solution needed for 0.4 g Pt: 

0.4 * 1000 / 149.33 - 2.67S6 £ Pt solution (1 -7l-i7 ml) 

2 Cc (111) nitraie solution needed: 

for 55% Ce02. 1 1 .368 £ Ce02 in the final material 
moles Cc02 - 1 L36& / 172.12 - 0.066047 - moles Ce 

amount Ce « 0.066047 * 140. 12 = 9-2545 g q 5 so | lU j on 

Ce(HI) solution = 9.2545 - 1000 / 395 - 23.4291 ml solution, or 23,4291 I -7 39.S2S5 g ^e 

3 ZrO 2 ' solution needed: 

for 42% Zr02, 3.232 g Zr02 in the final materia] 
moles Zj02 = 8.232/ 123.224 - 0,066805 = moles Zr 

3 * 0.066047 = 0.19814 moles NaOH for Ce(M) 
2 ♦ 0.066807 = 0. 13361 moles NaOH tor Zr0 2+ 
2 * (0 4 / 195,09) = 0.004101 molea NaOH for Pt 

Total moles NaOH - 0.33585 moles; with 10% excess. 0.36943 moles NaOH 
NaOH needed: 0 J6943 * 40 = 1478 g 

: K V~ • (0.375N NaOH solution obtained), then transferred to the reactor. 

TJje coprecipitation was conducted at90-95°C in a 1.5-liter S^ sr ^ c ^^^^^?^^^^^ t ^^^^» e d^^ O^n^e 5 ''™ 11 ^' 
by dosing the Pt - Ce Zr nitrate solution daring 25 mtn . .Ante. T£ ^£jjjf* S. be ,£%» initial P H 

23SS^i25« — Sunder .faring for ca. 1 hr at 90°C, then let svand ovem.ght. 
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Second day, the precipitate was filtered and washed repeatedly with a total of - 6 liter hot DI water (~55-60°C) to filtrate & 
The washing step included slurring (redupersing) the precipitate into hot water (S5-90°C) with stirring, followed by filtration 
conductivity of the filtrate was not measured. 

After filtration, the material was placed in a crucible and dried overnight 15 hr) at -)25°C in an oven, static air The dried *: 
material was calcined the second day in static air at 500°C for 2 hr. The catalyst was stored in a via] and labeled 1875-019 (lj ' 
A). For WGS testing, the powder was pressed to 15 tons and sieved to 45-60 mesh. 
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Fife N*ne: 1875.021 <3%Pt-CeQ2-Zr02 SM4 copp NaOH) 
Tt«cUa& 1875-B t 

C*. * A. C_VH T-» - »:«. -WW — 

WGS Catalyst: Prepare 3%Pt-Ce02-/.rO/ 
ObjcdiVfe.' prBCUrs or 8 ;%ii»tal is by weight. 

■ M^O***" ' . , nn JM , 33 42EPIAS01, 1*9.33 g Pt/ kg sol. d " 1.5631 gtot po o (~71 Ot0 

? ? SSSSoSSo* -'utior, IM. 203 * d =- 1.433 & 'm. ::==: - „£0j 

*Nlw8 S£!K^ 



* 149.462 g ZrO 2 * solution 



4. 



Calculated for 67 g 3%*-Ce02-ZrO2 final atrial, containing: 
65 Cc02-2rO2 and 2 g Pt 

- 3 L4/ 172.12 = 0.21 146 - moles Ce 
i 7rO"* solution needed: 

3 Z for 44% Zr02. 28.6 g 2r02 to tbe final material 
STs ZrG2 = 24.6 / 123.224 - 0.2321 - mole, Zr 

- — * - 104 3 * 1 433 

SSfffiSS-. 2 moles/ 1 mo, Zr6* soiution, 2 1 «o> Pi solution 

3 * 0 2 1 14ft - 0.63444 moles NaOH for CcpU) 
2 * 0 232 1 - 0.4642 molesNaOH for ZrO 
2 * (2 ' 195 09) = 0.020503 moles NaOH tor Pt 
Toxal moles NaOH - 1.11914 moles; 
NaOH needed; 1.11914 * 40 = 44.77 & 

light yellow-beige to brown. ^ ^ 

wmd ovecniKht An additional 10 « sou.™. .«-.. g pellets) w 



WKTttz rxOtO^ PSOOUCIICWJ CHICAGO 40404 "MM I 
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Second day. the precipitate was washed and filtered repeatedly with a total of- 12 liter hot DI water ^5^0»C) to a J^pHj 
washing Step included slurring (redbpersing) the precipitate into hot water (85-90°C) with s.nrutg, followed by hhrtto* 
The conductivity of the filtrate was not measured. 

After filtration tbe material was placed in a crucible and dried overnight (-1 5 far) at -125°C in an oven, static air. The dried 
material (color dark brown) was calcined the second day in static air at 500'C for 2 nr. The catalyst was stored m a vml and I 
— «... ™ ... uirr »u~ .+~+%,At>r nr*o«*^ »fi is »rvr)<: anri sieved to 45-60 mesh. 

PAGE 23/23 ' RCVDAT 12120/2006 2:56:03 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/35 * DNIS:2738300 * CSID:9372230724'[ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 



U LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




